Abstract
more components at an inert cathode is one of the promising ways to produce coatings or powders from molten salts and ionic liquids. Examples of this approach can be found in a large number of journal and conference proceedings papers, including those, published in this special issue [1] . The goal of electrochemical synthesis in the majority of cases is to produce one given phase with pre-defined composition. Electrochemical synthesis (ES) is usually performed in one of the following two ways: a) in a potentiostatic way, i.e. at a given potential regarding a (stable) reference electrode. In principle, a certain value of the synthesis potential corresponds to each composition of the alloy. Similarly, a certain range of potentials corresponds to each possible compound, which is able to form from the co-deposited elements. However, in certain cases (especially for alloys) this range of potentials can be quite narrow. Therefore, potentiostatic synthesis can be successfully performed only, if a perfectly stable reference electrode is applied. However, the problem of stable reference electrodes is not routinely resolved, especially in high temperature molten salts, and so ES in a potentiostatic way cannot be always applied successfully. b) in a galvanostatic way, i.e. at a given current. This way of ES is more convenient, as there is no need in a reference electrode, at all. However, controlling the current does not necessarily mean that one also controls the actual current density of ES. In reality, both electron conductivity of the electrolyte and the increasing surface area of the working electrode during the process might decrease the effective current density of ES. Nevertheless, at least the maximum current density during ES can be well controlled during galvanostatic synthesis.
In the present paper the principle to construct Equilibrium Electrochemical Synthesis (EES) diagrams is presented for ES of alloys and compounds, synthesized in a galvanostatic way on an inert cathode. This principle has been developed earlier by the Author for compounds with negligible homogenity range [2, 3] and was mainly applied for boride systems [2] [3] [4] [5] [6] . EES diagrams for the binary Ti-B system [2, 3] , for all binary transition metal -boron systems [4] , for the ternary Ti-Al-B system [5] and for the binary Al-Gd, La-B, Gd-B, and AlLa systems [6] have been already constructed. Kinetic limitations have also been included in our recent paper [7] , on the example of the Ti-B system. In the present paper, the principle to construct EES diagrams is extended to homogeneous alloys. Several new EES diagrams will be constructed.
Thermodynamic basics of electrochemical synthesis
Let us consider an electrolyte, consisting of A +n and B +m ions, discharging at an inert cathode at potentials E A and E B . Both of these quantities are functions of the electrolyte composition and temperature (and of-course pressure, but below 10 MPa its influence is negligible). Now, let a joint cathodic product of general composition A x B 1-x form at the cathode from the A and B ad-atoms, with a synthesis potential E S . Then, the energy of the alloying or compound formation ∆G is spent on shifting the deposition potential of (1-x) moles of component B from E B to E S , and on shifting the deposition potential of x moles of component A from E A to E S . Hence, the following equation can be written: (1) where: ∆G (kJ/g-atom) is the mixing Gibbs is energy of alloying for homogeneous alloys, while for compounds A p B q :
ApBq is the standard Gibbs energy of formation of the compound (kJ/mol),
x -mole fraction of component A in the homogeneous alloy; for compounds A p B q (with p and q being integer numbers): x = p/(p + q), F is the Faraday number.
Introducing the potential difference ∆E = E B -E A , the equilibrium synthesis potential E S can be expressed from the above equation, relative to the deposition potential of component A, as: (2) .
In equilibrium (i.e. at very low current density values) the first cathodic product will be the one, having a most positive synthesis potential among all possible components, compounds or alloys to be synthesized. Eq.(2) can be used to find the value of x, corresponding to the most positive value of (E s -E A ), as function of ∆G, ∆E, m and n. Based on this principle, the desired EES diagrams can be constructed. EES diagrams will be constructed in the present paper for the following three limiting types of phase diagrams:
where c=n⋅x+m⋅(1-x).
i. the case of homogeneous solid (or liquid) A-B solutions, with no compound formation and no limit of solubility, ii. the case, when only one compound with practically no homogenity range is formed, iii. the case, when several compounds with practically no homogenity range are formed. It should be mentioned that some other algorithms have also been suggested in the literature to study thermodynamics of electrochemical synthesis of alloys [1.c, 8, 9] . One of the common ways to predict the composition of electrochemically co-deposited alloys is to suppose that the two components are deposited at the same potential due to their partial depolarization values [8, 9] :
where ∆G A and ∆G B (kJ/mol) are the partial mixing Gibbs energies of components.
From Eq.(1.a), taking into account our notation ∆E = E B -E A , the following equation can be obtained:
If one applies Eq-s (2) or (2.a) for the given homogeneous alloy phase, the same equilibrium composition of the alloy can be computed, so the two methods are identical. As will be shown below, Eq.(2.a) is even more convenient for calculations, as the result can be obtained without iteration (at least for ∆E as function of x, but not for x as function of ∆E -see below).
However, Eq.(2.a) does not contain the synthesis potential, and so for systems, in which more than one phase can be formed, the most stable phase cannot be identified from Eq.(2.a) in a straightforward way. Also, for systems, containing compound phases, very often only limited thermodynamic information is known, such as the (integral) Gibbs energy of formation of some of the compound phases, from which the partial Gibbs energy values of the components do not follow in an easy way. That is why, for a general method to construct EES diagrams, Eq-s.(1-2) are preferred to Eq-s (1.a-2.a).
The EES diagram for a homogeneous alloy
When components A and B form no compounds, and are soluble in each other
without limitations at the given temperature (and pressure), the Gibbs energy of the alloy formation can be generally written:
where ∆G o -is the average Gibbs energy of formation of the mixture of the two pure phases (if both phases have identical standard states, such as liquid, or fcc solid, etc, both of them can be taken as zero for the given T and p):
∆G
id is the Gibbs energy of mixing of an ideal solution, which can be written, using the expression for the integral configurational entropy, as:
where R = 8.314 J/molK, and T -is the absolute temperature (K), ∆G E is the excess Gibbs energy of mixing, which in a most simple case of a regular solution model can be written as:
where Ω is a model parameter, describing the interaction between atoms A and B in the alloy. Substituting Eq-s (3, 3.a-c) into Eq.(2), the synthesis potential can be calculated as function of temperature, alloy composition and parameter ∆E, if for the given system parameter Ω is known. As an example, in Fig.1 the dependence of the synthesis potential on the alloy composition is shown for different fixed values of T, Ω and ∆E, for pure phases, having identical standard states (i.e. ∆G o = 0). In each figure 1.a-1.d three curves are shown, corresponding to ∆E = -10, 0 and +10 mV. The synthesis of an alloy of given composition will be thermodynamically favorable, if its synthesis potential will have the most positive value compared to all other compositions, including pure components A and B. Thus, from the maximum points of the curves, the equilibrium composition of the alloy can be found. The equilibrium composition of the alloy will be a function of T, Ω and ∆E. As the latter is the function of T and electrolyte composition, the equilibrium alloy composition will be finally a difficult function of the electrolyte composition, temperature and excess Gibbs energy of the alloy formation At the equilibrium alloy composition E s will have its maximum value. Unfortunately, this maximum value cannot be found analytically, as mixed x, lnx, x⋅lnx and x 2 terms appear after the derivation of Eq. (2), if Eq-s (3., 3.a-c) are substituted into it for ∆G. However, the solution can be obtained numerically.
As an example, a result of such a numerical calculation is shown in Fig.2 Fig.2 .c, the stability ranges of 'pure' A, the A-B alloy and 'pure' B are shown for T = 300 K. Let us mention the 'pure' A and 'pure' B means here only that the purity of these phases is above 99 %. Fig.2 .a -see below) can be drawn also without iteration, by applying Eq-s (2.a, 3.a-c), and also taking into account the relationship between integral and partial Gibbs energies of an alloy. For the simplified alloy model presented by Eq.(3.c), the following relationship can be obtained for ∆E:
Let us mention that Fig-s 2 (except the bold line in
In Fig.2 .b, the results for an ideal alloy are shown at two different temperatures. At ∆E = 0, x = 0.57 is obtained. Such an asymmetric result is a consequence of non-equal oxidation states of the electrochemical active ions, A +2 and B +3 . As a general rule, at ∆E = 0 the alloy is more rich in a component, which has a lower oxidation state in the electrolyte. The same asymmetry remains in the whole range of ∆E values. When ∆E < 0, i.e. when the deposition potential of component A is more positive than that of B, the alloy gradually becomes more and more rich in A, and vice-versa. One can see that at higher temperature the potential window of alloy synthesis increases, due to the increasing role of the configurational entropy (see Eq.3.b).
From comparison of Fig-s 2 .a-c one can see that the potential range of alloy formation also increases with more and more negative value of parameter Ω, due to the relative attraction of atoms A and B in the alloy. The more negative is the value of Ω, the less is the effect of temperature on the potential window of alloy formation, as the role of the configurational entropy in the total value of ∆G decreases.
It should be noted that a one-phase alloy will be formed only, if there is a total solubility in the corresponding A-B phase diagram at given T (and p). In terms of the regular solution model it means that the condition T > Ω/2R should be fulfilled. At T = 300 K (see Fig.1 ) this condition is fulfilled at Ω < 5 kJ/mol. As a result, in Fig.1 .d (drawn at Ω = +10 kJ/mol) one can observe curves with a minimum point in their middle ranges and two maximum points at the two ends of the curves, indicating phase separation in the deposited alloy. The corresponding EES diagram can be seen in Fig.2 .a (bold line), with phase separation appearing at ∆E = +0.085 mV, where the composition of the cathodic product x jumps from x = 0.98 to x = 0.02. Increasing the temperature to T > Ω/2R, phase separation disappears, as shown by broken line in Fig.2 .a with Ω = +10 kJ/mol and T = 1,000 K.
It should be noted that Eq.(2.b) can not be used to calculate the equilibrium situation, when phase separation occurs. As was stated above, Eq-s (2.a, b) can be used only, if only one homogeneous phase can be formed in the given A-B system. Thus, Eq.(2.b) should be used only, if T > Ω/2R.
The EES diagram for a liquid homogeneous Mg-Nd alloy
Among the papers, published in this special issue [1] Although thermodynamic information on the Mg-Nd system is quite scare, we found that this system can be approximately described with Ω ≅ -40 kJ/mol (see data of [10] ).
The EES diagram of the Mg +2 -Nd +3 system at 850 o C has been constructed by us using Eq-s (2-3), with Ω ≅ -40 kJ/mol (see Fig.3 ). For the given temperature, this is a unique EES diagram of the Mg +2 -Nd +3 system, i.e. it is valid, regardless the composition of the molten salt. Molten salts with different compositions will provide different ∆E values, and so, from each particular molten salt, generally different alloy compositions can be synthesized. It should be noted that this EES diagram is principally valid only at infinitely low current density. However, if the actual current density is lower than the diffusion limiting current densities of components, and is also lower at least by one order of magnitude than the exchange current densities of the components, the EES diagram for alloys is probably close to reality. The exchange current density in high temperature molten salts is usually high, and so at a relatively low cathodic current density, applied in [1.d] for the synthesis of Mg-Nd alloys, the EES diagram presented in Fig.3 is probably valid.
Unfortunately there is no information on the separate deposition potentials of Mg and Nd in the applied electrolyte [1.d], so Fig.3 can not be used to estimate the equilibrium alloy composition. However, Fig.3 can be used in the opposite way: from the measured alloy composition (x Mg = 0.58 [1.d]) one can find: E Nd -E Mg ≅ -10 mV (see the vertical dashed line in Fig.3 ). This value seems to be realistic, as the difference between deposition potentials of the two pure, quasiliquid fluorides (NdF 3 and MgF 2 ) is about -70 mV [11] , which obviously shifts towards a somewhat more positive value upon addition of some Nd 2 (CO 3 ) 3 , as this compound has been found to provide an electrochemical active form of Nd +3 in the melt [1.d] . Thus, Fig.3 and the results of Soare et al [1.d] appear to be in a good agreement, which confirms the reliability of our calculation method, presented above.
The EES diagram for a system, containing only one compound in the phase diagram
Let us first consider the case, when only one compound A p B q , with a negligible homogenity range is formed in the A-B system, and it is in equilibrium with practically pure components A and B. In Fig.4 , the synthesis potential of the compound, according to Eq.(2) and the deposition potentials of components A and B are drawn as function of parameter ∆E. The compound will be formed as the first cathodic product, if E S > E A and if E S > E B . Substituting these conditions into Eq.(2), the range of ∆E can be found, in which the compound A p B q will be the first cathodic product: 
The 'a' and 'b' points and the intervals of the ∆E values, within which the compound and the two components are formed, are also shown in Fig.4 . These intervals are functions of temperature (and pressure) only. Thus, the EES diagrams, previously calculated by the Author [2] [3] [4] [5] [6] were constructed in the T -∆E coordinates, and those EES diagrams are uniquely valid for any ionic liquid or molten salt system of any composition, consisting of some A +n and B +m ions. As the value of ∆E is a difficult function of both composition and temperature, to each particular composition and temperature a 'working point' will correspond on the EES diagrams. Thus, the equilibrium phase at low current densities will be a function of temperature and melt composition only (at least, below 10 MPa).
The EES diagram for a solid Si-C system
The only paper among those, published in this special issue [1] , dealing with a system, in which only one line compound is formed, which is in equilibrium with its practically pure components, is that of Devyatkin [1.l] . In a Si-C system SiC (with practically no homogenity range) is in equilibrium with practically pure C and Si below 1404 o C [12] . As was shown by Devyatkin [1.l], SiC coating on stainless steel cathode can be obtained from NaCO 3 -Li 2 CO 3 -SiO 2 (4 wt%) melt at 750 o C, under CO 2 gas atmosphere of 1 bar pressure. The EES diagram for the Si +4 -C +4 system is shown in Fig.5 , calculated by Eq.(4), as function of temperature. The Gibbs energy of formation of SiC has been taken from the compilation [11] . As for this case n = m, and x = 0.5, according to Eq.(4) the phase separation lines will be symmetrical, i.e. at each temperature: ∆E a = -∆E b . As one can see from According to experiments [1.l], this was not the case, as carbon was deposited at a much more positive potential than Si. Nevertheless, SiC was actually obtained during the galvanostatic electrolysis of the above mentioned system, at least, above 700 o C [1.l]. In fact, at low current densities only C can be deposited, being soluble in the cathode material. Above its diffusion limiting current density, SiC will become a stable product. Its stoichiometry is ensured in a certain range of current densities, as the surplus carbon can be dissolved in the cathode material (that might be the reason that below 700 o C, when diffusion of C into steel was very much limited, no synthesis was observed). The second reason, why the synthesis of a stoichiometric compound appeared to be possible outside the range, indicated in Fig.5 , is that the only compound in the Si-C phase diagram is SiC, having practically no homogenity range and no solubility in C [12] .
The EES diagrams for some III-V semiconducting systems
Among all possible binary systems, containing a single compound with practically no homogenity range and no solubility in its components' phases the majority of the systems are non-transitional metal -non-transitional metal systems. Among them, there is a particular interest in synthesizing A(III)-B(V) semiconductor compounds (A = Al, Ga, In, B = As, Sb) from ionic liquids [13] . Cations, Al +3 , Ga +3 , Ga + , In +3 and In + from one hand, and cations As +3 , Sb +3 from the other hand have relatively stable chloride compounds, which in principle can be dissolved in different ionic liquids and can be used to synthesize AlAs, AlSb, GaAs, GaSb, InAs and InSb.
When m = n = 3 and x = 0.5 for all these compounds, from Eq. (4): ∆E a = -∆E b . This maximum potential difference, allowing the formation of the A(III)B(V) compounds as first cathodic product are calculated in Table 1 .a. The maximum temperature in Table 1 .a is selected to ensure negligible solubility of the compound in any of its components, according to the phase diagram [12] . For comparison, in the last row of Table 1 .a the difference in deposition potentials between B and A from imaginary liquid, pure BCl 3 and ACl 3 compounds are given, according to [11] . One can see that this difference is always much larger than the interval of stable synthesis of the A(III)B(V) compound. Thus, the electrochemical synthesis of the A(III)B(V) compound seems to be feasible only if special complex chemistry is involved in order to shift the two potentials towards each other. However, if the As +3 or Sb +3 ions are kept at low concentrations in the melt, above their diffusion limiting current densities the synthesis of different one-phase A(III)B(V) compounds are possible, if one conducts the electrolysis at controlled potential, in the excess of Al +3 , Ga +3 and In +3 ions. Particularly, the synthesis of AlAs and AlSb compounds seems to be feasible from room temperature chloro-aluminate ionic liquids. The electrolysis should be performed in a potentiostatic way at a certain potential range, being more positive than 398 mV (or somewhat less) for AlAs and by 165 mV (or somewhat less) for AlSb compared to the deposition potential of bulk aluminum (for the potentials see Table 1 .a). It should be mentioned that alloys of different compositions were obtained from low temperature chloro-aluminate melts in a similar way in the Al-Ag, Al-Au, Al-Co, Al-Cu, Al-Fe, Al-Ni systems [9] . A well defined cathodic product could not be obtained in these systems, because there are several compounds forming in all of them [12] , in contrast to the Al-As and Al-Sb phase diagrams [12] .
Compounds GaAs, GaSb, InAs and InSb can be probably also synthesized from some ionic liquids, containing a small (controlled) amount of As +3 or Sb +3 ions and the excess amount of Ga +3 or In +3 ions. The synthesis should be performed at a potential, somewhat more positive than that of the bulk deposition potential of Ga and In, by a value, somewhat less than that, indicated in Table 1 .a for ∆E a . However, for such a potentiostatic synthesis, a stable reference electrode i. the ∆E b value increased by 3 times, compared to the case for Ga +3 and In +3 ,
ii. the deposition potentials of As +3 and Sb +3 can be shifted by some complex formation to a more negative side in a more selectively way due to the charge difference between ions (m > n), without changing the potentials of Ga + and In + , what is less realistic for the m = n case, i.e. without changing the potentials of Ga +3 and In +3 .
From the evaluated difference of standard potentials (see last row of Table  1 .b), the one-step co-deposition of GaSb seems to be most realistic (among those, considered) from an ionic liquid, containing Ga + and As +3 ions, if the As +3 ions are selectively complexed by an anion.
The EES diagram for a system, containing several compounds in the phase diagram
If there are several stable compounds in the A-B phase diagram, Eq.(2) should be applied to all of them, and a figure, similar to Fig.4 should be constructed, with all the compounds to be characterized by a straight line. The first cathodic product will be again the one, having the most positive synthesis potential. If appropriate thermodynamic values are used, it always will turn out that a certain interval of parameter ∆E will correspond to each stable compound, at which this particular compound has a most stable synthesis potential, and thus it will be the equilibrium cathodic product. The sequence of stable phases as function of parameter ∆E will be the same as that in the corresponding phase diagram. Thus, for example in the Al-Ti EES diagram the phases at room temperature will be positioned in the following sequence: Al -Al 3 Ti -Al 2 Ti -AlTi -AlTi 3 -Ti [12] .
The potential, dividing the stability regions of Al and Al 3 Ti on one hand, and regions of AlTi 3 and Ti, on the other hand, can be calculated by Eq.(4). For other phase boundaries the competition of different compounds should be taken into account.
Let us consider compound phases 1 and 2, following each other in the phase diagram, denoted by compositions x1 and x2, and thus characterized by different values of c1 and c2, and also by different formation energies ∆G1 and ∆G2. Then, compound 2 will become more stable than compound 1, if E s2 > E s1 . Substituting Eq.(2) into this condition, the following condition can be derived for 
Eq. (5) can be considered as a generalized version of Eq.(4). Using Eq-s (4, 5), stability ranges for all stable compounds can be calculated at given temperature. Repeating this procedure for several temperatures, EES diagrams can be constructed.
The EES diagram for the Al-Ti system
There is more than one compound is formed in the phase diagram of the majority of systems, studied in this special issue [1] . As in our previous papers mainly boride systems were studied [2] [3] [4] [5] [6] [7] , let us use Eq-s (4-5) for the Ti-Al system, as an example of systems with numerous possible phases. Electrochemical synthesis of Ti-Al phases has been studied by Stafford et al [1.b, 14] at 150 o C in a chloro-aluminate melt with controlled additions of TiCl 2 . The apparent limit of maximum 28 at % Ti in the synthesized alloys was found, which did not increase further with increasing the TiCl 2 -content of the melt. This phenomenon was explained by supposing that Ti-deposition appears from electrochemically active [Ti(AlCl 4 ) 3 ]
-anions [1.b] , leading to the theoretical maximum of 25 at% Ti in the alloy.
Thermodynamic properties of the Ti-Al system are known with relatively high certainty only for TiAl and TiAl 3 phases [11] . Thermodynamic properties of the two other phases (see Table 2 ) have been estimated by us using the Ti-Al phase diagram [12] . The results of our calculations, performed by Eq-s (4-5) are presented in Table 2 and Fig.6 . From Table 2 and Fig.6 one can see that the compound Al 3 Ti has an exceptionally wide stability range in the EES diagram, compared to other Al-transitional metal systems, studied previously from the same chloro-aluminate melts [9] . Such a wide electrochemical window of the formation of the Al 3 Ti intermetallic can serve as an alternative explanation to the apparent limit of Ti-content in Al-Ti deposits, established experimentally in [1.b, 14] .
[ ]
The Al-rich side of the ES diagram for the Al-Ti system
In this paper, so far only EES diagrams have been calculated, being valid in principle only at zero current density. Practically these diagrams are valid, if the actual current density is much lower than the exchange current density of the components. Unfortunately we have no information on the exchange current densities of Al and Ti in chloro-aluminate melts, as function of TiCl 2 content and [7] .
Nevertheless, such an ES diagram can be constructed semi-schematically for the Al-rich side of the Al-Ti diagram at 150 o C (see Fig.7 ), based on the principle, developed earlier [7] . The vertical lines in the ES diagram correspond to the equilibrium ∆E values of phase transitions in the EES diagram, between phases Al -Al 3 Ti and Al 3 Ti -Al 2 Ti at 150 o C (see Fig.6 ). The line, drawn at a slope, separating the 1-phase Al 3 Ti region from the 2-phase (Al + Al 3 Ti) region is due to the charge transfer limitations of Ti deposition at high depolarizations of Tideposition. The logarithm of this "exchange limiting current density" (i lim ) is a linear function of parameter ∆E [7] . Parameter i lim increases when the exchange current density of Ti deposition increases, which does so with increasing the TiCl 2 content of the melt. Thus the line, separating the 1-phase Al 3 Ti region from the 2-phase (Al + Al 3 Ti) region will be shifting towards higher current density values with increasing the TiCl 2 content of the melt.
The circle in Fig-s. 7 .a-c represents the working point (composition, current density), corresponding to a given electrochemical synthesis experiment, conducted in a galvanostatic way. When the TiCl 2 content of the melt increases, this working point will be shifting gradually to more and more positive ∆E values, according to the Nernst equation. However, as the stability range of the Al 3 Ti is very wide (about 600 mV -see Fig-s 6-7) , and the deposition potential shift of Ti is only 42 mV per one order of magnitude concentration of TiCl 2 , this working point will much probably remain inside the Al 3 Ti stability interval, whatever is the TiCl 2 content of the melt (supposing that Al is considerably more electrpositive in chloroaluminate melts compared to Ti, what is probably the case) [1.b, 14] . In Fig-s 7 .a-c, the situation, corrersponding to three different experiments are characterized. All these experiments are conducted with the same cathodic current density, in electrolytes, having higher and higher TiCl 2 content. One can see that by increasing the TiCl 2 content, the line, separating the 1-phase Al 3 Ti region from the 2-phase (Al + Al 3 Ti) region shifts through the working point. Thus, at low TiCl 2 content (Fig. 7 .a) the cathodic product is Al with some Al 3 Ti, for medium TiCl 2 content (Fig.7.b ) the cathodic product is already a practically pure Al 3 Ti phase, which does not change with further increase of the TiCl 2 content of the melt (Fig.7.c) .
The average Ti-content (in atomic fraction) of the two-phase (Al + Al 3 Ti) cathodic product can be calculated from the following equation: (6) where i and i lim is the actual current density of electrolysis and the exchange limiting current density of phase separation between (Al 3 Ti) and (Al + Al 3 Ti) regions, at the ∆E value, corresponding to the given electrolyte composition. Eq.(6) should be used only at i = i lim , providing x Ti = 0.25.
Analysing Eq.(6) one can make the following qualitative conclusions:
i. if the TiCl 2 content of the melt, and thus the value of i lim is fixed, the Ticontent of the cathodic product will be decreasing if the actual current density of electrolysis is increased, ii. if he current density is fixed, the Ti-content of the cathodic product will be increasing (up to maximum 25 at %), if the TiCl 2 content of the melt, and thus the value of i lim is increased. The above conclusions are in good qualitative agreement with experimental [1.b, 14] , especially at high rotation speeds of the electrode, i.e. when diffusion limitations of Ti +2 ions in the electrolyte are overcome. This condition is important, as in the above simplified model only charge transfer limitations are taken into account (see [7] for diffusion limitations). In order to make the non-equilibrium ES diagram of the Al +3 -Ti +2 system more realistic, exchange current densities and diffusion limiting current densities of the components should be measured or modeled as function of electrolyte composition and temperature.
Conclusions
The principle of equilibrium electrochemical synthesis diagrams, introduced by the author for stoichiometric phases earlier, has been extended to homogeneous alloys in this paper. As an example, the EES diagram of the liquid Gd-Mg system has been constructed. For systems with compound formation, EES diagrams for the Si-C system, for some A(III)-B(V) ystems, and for the TiAl systems have been constructed. These diagrams can be used for better interpretation of experimental results and for further improvement of technologies of producing alloys and compounds by electrochemical synthesis from ionic liquids and molten salts.
